METHOD OF OPERATING A DISCHARGE LAMP SYSTEM AND A DISCHARGE 
LAMP SYSTEM USING A COMBINATION RADIAL AND LONGITUDINAL 
ACOUSTIC MODE TO REDUCE VERTICAL SEGREGATION 



Jjarl-pmiin-' " f 1he Invention 

Thepresentinvention.sdirec.edtoamethodofoperat.ngadischargelamp 

sys tem and a drscharge lamp system in whieh vertical segregation is redneed. 

VerncaloperaUonofadischarge lamp system can ,ead to vertieal segregation of 
vaporphasespectes, which ,n turn leads to co>or separatton over the iength of the lamp, 
r ednced light output, ,„cal overheating of the lamp waU, and other problems that may 

cauS epremature ^W****^^*-^™**-*** 
true for high aspect ratio lamps (lamps whose length to width ratio is high). 

A so,utiontoth 1 s P rob,emisproposed 1 nU.S.Paten,6, 1 24,683 tnwhichanarcin 

adiseharge lamp is straightened hy acousttc moduiahon of lamp power. Suchpower 
adulation can also provide some control over vertical segregatton durmg verttcal 

operation of the lamp. 

As is now known, modulation of lamp power causes modulation of the arc 

thr0 ughout.he,amp. Certain frequencies of modulation cause standing wave oscillatton 
„ of the gas pressure in the discharge tube of the lamp system. Acoustic modes in 
discharge lamp systems are generally determined based on a cylinder of a size 
comparable* the discharge tubeofthe lamp. If the pressure has a spatial dependence 
a.ongtheaxisofthe tube, then the acoustic mode is longitudmal. The numberofhalf 



^«^o^-^------'- fc,, *-* ,,,< * 

^^aepena.son.en^ofMfw— .subcombination 

acoustic mode of the third —a. and second longitudinal modes. 
, ^^nenciesforeachoftheseacousticntodesCthetesonanceMuencie^e 

ph aseo fttl e .amp. The speed ofsoundhasatemperatn, dependence andthe arc 

be reasonably estimated using an isotherma! cylindrica! model. 

15 The longitudinal mode frequencies are roughly 

f„ L =(nC)/(2Length), 

■ , Ar> C is the average speed of sound, and Length is the 
where f„ L is the nth longttudmal mode, C is the averag 

cavity length. 

The radial mode frequencies are roughly 

20 f nR =(knRC)/(*D) 

w beref„a,smen,hrad,a, m ode,Wisaeons,an,mat,s ta o W nforeaehradia,mode ( ti,s 
3,3f„rthef,rs,radia l modea„dh,gherforsubse q uentmodes),Cistheaveragespeedof 

sound, and D is the diameter of the cavity. 
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The azimuthal mode frequencies are roughly 
f nA = (k„AC)/(*D) 

a « ris the average speed of sound, andDis the diameter of 
5 higher for subsequent modes), C is the average p 

the cavity. 

Brtt erestimates **~-*>~»-»"*«* m '~*~' 

^are.fonueousingweUe— femperature and composition d^butio.. 

SUnomermemodsofeshma.ionareposs.hie.Forexampie.forarad.alacoushc 

^ng.hefus.radia.resonan.Wfor.hatcyhnder.ThecomposUe 

m odeeanbe emulated from the inverted composite characteristic t,me. 

PortheMheresonancetrecuenciescanhetunedhasedonvisua, Cues such as 

odor separation. For example, sal, rings mayappear around the tube whenthe 
20 frequenciesareproperlytunedtolongitudinalresonances. 

Combination modes can be determined by combuung the frequencies of the 

eresonancefrequencyofthehrstradialandfourthlonghudmalcombinationmodcs 



then 
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voltage) frequencies are one-half .he power frequencies. 

W^referenceaga.nto.heprior^a^erso.uhon.o.heproble.nofver.rca, 

^eainarepea^pahernofas.newavcsweepinsoverafrcquenc.ransdOlha, 

lll ^ te - M -«-•^« U - ,, ^ ,, ' 
long «„a,mode. The swep, power frequency ran g e is ,0-UO.Hz and the power 

„ fe ,„e„c y o f ,he,on g hu dl na,n 1 o d e,s24,^(thecurre„tfrequenc 1 eshe 1 n g o»e.ha lf 

di fficn.t,o generate efficient.yanoistooclosetoaudrofrequenc.es. 

Afurt her 1 nrprove m enti S o ff ere d inU.,Paten,6,43 V 17,nwhichthercpca, I n g 

freqncncyornraysweepovcrafreqnencyrange.Thehigherfreqnencyexctcsa 

mod c,.Foralampl9 mm lon g an d withan 1 nner d iarneterof4nr m ,.hearc- 

, on 110 kHz the combination mode is centered on 150 
20 straightening frequency range is 90-1 10 kHz, m 

k H z(±1 0kHz,andthe P at,e m isre P eatcda,ahon,100Hz. D netoi,ssymmctry,thrs 
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M »*~*-> Have sought a s^.e —„ — 
mode that is easier to excite. 



Summaixofth^ 

nistoP-ideanoveUa-npsys^and^ 
.ope^ad^^^.w.cH.eoo— n — rnode ,s easier to 

excite than in the prior art. 

Afcrth e r obiec,ofd,ep r ese»t— n is to provide a novels syst^n and 

o eaeoesUc.ode.saeo^at.ontad.a.p.es^ 

10 mode. , 
^t^obieetofthepresent—nistoprovideanovenantpsyste.and 

longitudinal mode of the lamp. 

^etoojeetofthep.esent— „ is to provide a novels systetnattd 

preferably is one of 2, 4, and 6. 

V^otheto.jectofU.epte.entinventio n ,s to provide a nove, disc^e iarop 

radial plus longitudinal mode of the lamp. 
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Toother objects and advantages ofthemvention win be apparent* those 
^nHntbeanonbep.sent— « on of me foUowing doings 

and description of preferred embodiments. 



5 BriefDej>crir^^ 

^eUsagtapbdepictingapnotand.schatse^psyste.powetf^ 

modulation sequence. 

Figurelisagraphdepictingad.sehargelampsystempowertiequency 

nation sequence of an embodiMentofme present invention. 

Figure3 depictsapowe r s P ect™nof f o I ane m bodi I nentoftbep re sentinvent 1 on 

acoustic mode are provided at the same time. 

Flgur e4 1 saschematicdia g ramofa„embodimen,ofacircuitforad 1 schar g e 

lamp system of the present invention. 
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DescripJicflO^r^^ 

THepresentinventiontsadischarge^psystemandamethodofoperatinga 

^^^^^^^^^^ 
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lonsta « — .no.eonhe^^.ep^ — ***** 
taprovement over the above-identified references. 
sho ™ by , h eda sh ed h on Z onta,Uneat 22 )ora S we P t P owerfie q nenc y r a n g e 24 (-a S 



on"n . 



^.epowerfi^nencvnandis.ont^wideandwififinfiteran.eonSO-.O 



kHz. 
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is excited are each 0.3 ms. 

, „ ro videdatthesametime,thesignalmayhaveapower 
combination aconstic mode are provtded 

spectrum such as depicted inFigure 3. 

Withref e r eneeno W ,o F ,S»e4,aei re mt30 t otad—ps y stemo f a 

^em.ommentmeindesa^S— sa.atmodniate.amppow.wtman 

^^^^^^^ 

l^in.nown — — ■ 

U .S.Patent6,522,0S9,wh 1 chi S mco I porated b yrefe r ence. 

M ^.ampSOmayaisoineiudea^mnnipiietSap— 

l t40forC om bta i — — 
42forprovitoga „mn lt ip 1 e t oon 1 yoneo ffi ^aseeond fflUl Up ll e r s3MSa. 



atim e, whence vo«a g es fiotn firs, and second S~s 32 and 34 are to oe proved 

Slgnali s active, taap^e— t , ^ .0 provides ,he —ed power 

^ M ^^^^■^*- ,,B,h, - d ■ , ' ,dl,-, * 
tube 46 through a full bridge 48. 

^fonowingolaimswhenreadinHghtofthe specification and drawngs. 
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